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SUMMARY 

This  review paper  cons iders  t h e  i n f l u e n c e  of so l a r  a c t i v i t y  
on t h e  E a r t h  ' s magnetosphere, t roposphere and s t r a t o s p h e r e  by 
means of solar co rpuscu la r  s t reams;  t h e s e  i n  t h e i r  t u r n  are t h e  
sou rce  of geomagnetic disturbances,  au ro rae  and prolonged d i s t u r -  
bances i n  t h e  radiocommunications. Recent Soviet  s t u d i e s  are 
analyzed.  They show t h a t  t h e  streams of n o n s t a t i o n a r y  or q u a s i -  
n o n s t a t i o n a r y  t y p e ,  emanating f r o m  active reg ions  on t h e  Sun per-  
t a i n  t o  t w o  groups,  of which t h e  " d i r e c t e d "  ones i n f l u e n c e  o u r  
me teo ro log ica l  c o n d i t i o n s ,  versus  those t h a t  by-pass t h e  Ea r th  
w i t h o u t  any such effects .  
method, which allowed h i m  t o  prove the i r  i n f l u e n c e  on t h e  ground 
a tmospher ic  p r e s s u r e .  

T h e  au tho r  used t h e  epoch-superimposit ion 

The conclus ions  drawn f r o m  t h i s  lenghty  d i s c u s s i o n  are t h a t  
so l a r  a c t i v i t y  p rocesses  do reach t h e  lower atmosphere l a y e r s ,  and 
these f a c t o r s  have t o  be in t roduced  when s o l v i n g  problems of shor t -  
and long-range weather  f o r e c a s t i n g ,  and long-term c l i m a t i c  v a r i a t i o n s .  
I t  is  even sugges t ed  t h a t  t h e  c l a r i f i c a t i o n  of t h e  mechanism of 
s o l a r  co rpuscu la r  streams' a c t i o n  on t h e  E a r t h ' s  atmosphere may h e l p  
i n  s o l v i n g  t h e  problems of a r t i f i c i a l  i n t e r v e n t i o n s  t o  inf luence '  
weather  and climate. 

* 
* * 

A s  i s  w e l l  known, t h e  s o l a r  a c t i v i t y  i s  de f ined  as t h e  
combination of t h e  h i g h l y  complex p h y s i c a l  processes occurr ing  
i n  t h e  sur rounding  s h e a t h  of t h e  Sun. The number and t h e  power 
of t h e s e  p rocesses  vary i n  an average p e r i o d  of e l even  y e a r s .  

s o - c a l l e d  a c t i v e  reg ion .  It i s  p r e c i s e l y  t h e r e  t h a t  such w e l l  
known phenomena as sunspo t s ,  chromospheric flares and so  f o r t h ,  
make t h e i r  appearance,  develop and then  d i sappea r .  The number o f  
act ive r e g i o n s  and of t h e  phenomena observed i n  them vary a l s o  
w i t h i n  an 11-year cyc le .  

The m a i n  fo-r~.n~tiofi $2 t he  Sun c h a r a c t e r i ~ i ~ g  t h i s  a c t i v i t y  is tiie 
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How can t h e  s o l a r  a c t i v i t y  a f f e c t  t h e  Ea r th?  I n  t h e  f i r s t  
p l a c e ,  t h i s  i s  a q u e s t i o n  as t o  how t h e  f r a c t i o n  of s o l a r  energy 
p r e c i s e l y  produced by s o l a r  a c t i v i t y ,  i s  t r a n s f e r r e d  t o  t h e  i m -  
mense vas tness  of t h e  i n t e r p l a n e t a r y  space  and t o  t h e  Ea r th  i n  
p a r t i c u l a r .  H e r e  w e  are faced  wi th  t w o  p o s s i b i l i t e s :  energy 
t r a n s f e r  by e i t h e r  wave (e lec t romagnet ic )  r a d i a t i o n  or  co rpuscu la r  
r a d i a t i o n .  

I t  has  been e s t a b l i s h e d  t h a t  such geophys ica l  phenomena as 
geomagnetic storms, au ro rae  and comparat ively prolonged d i s rup -  
t i o n s  of normal radiocommunication c o n d i t i o n s ,  are mainly determined 
by so la r  co rpuscu la r  streams. T o  a l l  appearances,  e l ec t romagne t i c  
r a d i a t i o n  g e n e r a l l y  p l ays  a much less s u b s t a n t i a l  role i n  solar-  
terrestr ia l  phys ics .  Therefore ,  only co rpuscu la r  streams w i l l  be  
t h e  o b j e c t  of  ou r  forthcoming d i scuss ions .  

The outermost  and t h e  e x c e p t i o n a l l y  e x t e n s i v e  s h e a t h  of t h e  
Sun, namely, t h e  s o l a r  corona cont inuously pas s ing  i n t o  t h e  i n t e r -  
p l a n e t a r y  space ,  has  a determining e f f e c t  on t h e  product ion  of 
c o r p u s c u l a r  streams and, by the  same token,  on t h e  i n t e r a c t i o n  
between t h e  Sun and t h e  Ea r th .  

When a so la r  co rpuscu la r  stream, c o n s t i t u t i n g  a high-temperature  
c o r o n a l  plasma f l u x  approaches t h e  E a r t h ,  it i s  m e t  f i r s t  of a l l  
by t h e  magnetosphere which i s  t h e  outermost  shea th  of t h e  
E a r t h .  On t h e  average ,  t h e  o u t e r  boundary of t h e  magnetosphere i s  
l o c a t e d  a t  a l e v e l  of s e v e r a l  t e n s  of  thousand k i lome te r s  above 
t h e  E a r t h  I s  s u r f a c e .  The i n t e r a c t i o n  between t h e  co rpuscu la r  plasma 
f l u x  and t h e  magnetosphere r e s u l t s  i n  t h e  immediate o n s e t  of a 
geomagnetic d i s t u r b a n c e .  Moreover, charged p a r t i c l e s  of  solar  
plasma are a c c e l e r a t e d  i n  t h e  magnetosphere and induce p o l a r  au ro rae  
a t  l e v e l s  of 1 0 0  t o  1 0 0 0  km above t h e  E a r t h ' s  surface.  Although 
t h e  format ion  mechanisms of geomagnetic d i s t u r b a n c e s ,  as w e l l  as 
of so la r  plasma charged p a r t i c l e  a c c e l e r a t i o n  i n  t h e  magnetosphere, 
are as y e t  unclear, t h e  so l a r  o r i g i n  of t h e s e  phenomena i s  none the le s s  
beyond any doubt.  

D o  co rpuscu la r  streams i n t r u d i n g  i n t o  t h e  E a r t h ' s  magnetosphere 
a f f e c t  also i t s  lower atmospheric l a y e r s ,  namely t h e  t roposphere  
and t h e  s t r a t o s p h e r e ?  

Numerous i n v e s t i g a t i o n s  publ ished on t h e  s u b j e c t  l e a d  t o  t h e  
conc lus ion  t h a t  c e r t a i n  s p e c i f i c  connec t ions  e x i s t  between s o l a r  
a c t i v i t y  and t h e  s ta te  of t h e  lower l a y e r s  of t h e  E a r t h ' s  atmosphere. 
However, many i n v e s t i g a t i o n s  c o n t r a d i c t  each o t h e r ,  whi le  some 
s c i e f i t i s t s g e n e r a i i y  deny t h e  existence or' t h e s e  connect ions.  One 
of  t h e  reasons of t h i s  confused s t a t e  of t h e  i n v e s t i g a t e d  problem 
is  t h e  f a c t  t h a t  up u n t i l  r e c e n t l y  sunspo t s  w e r e  used a s  i n d i c a t o r s  
of solar  co rpuscu la r  a c t i v i t y .  However, s t u d i e s  of r e c e n t  y e a r s  
have demonstrated t h a t  t h e  dependence between t h i s  a c t i v i t y  and t h e  
nu&er o f  sunspo t s  i s  very  unc lear .  



This  a r t i c l e  w i l l  deal  with t h e  r e s u l t s  of i n v e s t i g a t i o n s  
c a r r i e d  o u t  a t  t h e  Astronomical Counci l  of t h e  USSR Academy of 
Sc iences  t h e  Laboratory o f  Solar-Terres  t r i a l  R e l a t i o n s h i p s  of 
t h e  USSR Hydrometereological Center  and i n  t h e  Volgograd Pedago- 
g i c a l  I n s t i t u t e .  During t h e s e  i n v e s t i g a t i o n s  eve ry  endeavor w a s  
made t o  e l i m i n a t e  t h e  b a s i c  shortcomings c o n t a i n e d  i n  t h e  e a r l i e r  
works pub l i shed  on t h e  s u b j e c t .  

The geomagnetic and ionospher ic  d i s t u r b a n c e s ,  p o l a r  aurorae  
and o t h e r  geophys ica l  phenomena r e l a t e d  t o  them a r e  produced by 
t w o  types  of co rpuscu la r  streams, namely t h e  q u a s i - s t a t i o n a r y  
streams and t h e  streams from chromospheric f l a r e s .  

The q u a s i - s t a t i o n a r y  streams a r e  t h e  more numerous. I n  1 9 4 3 ,  
when working on t h e  f o r e c a s t i n g  o f  r a d i o  communication c o n d i t i o n s ,  
t h e  a u t h o r  of  t h i s  a r t i c l e  came t o  t h e  conclus ion  t h a t  a c t i v e  . 

r eg ions  are t h e  sou rce  of these streams. I n  1 9 6 0  he developed 
a model of  such a stream. Recent ly ,  t h i s  model was cor robora ted  
by t h e  r e s u l t s  o f  i n v e s t i g a t i o n s  of cosmic r ays .  

I n  1 9 6 1  w e  have compiled f o r  t h e  1907-1952 p e r i o d  a l i s t  of  
a c t i v e  r eg ions  g e n e r a t i n g  t h e  q u a s i - s t a t i o n a r y  co rpuscu la r  streams. 
I n  t h a t  same y e a r ,  B.D.  Fomenko, A s s i s t a n t  P r o f e s s o r  a t  t h e  
Volgograd Pedagogical  I n s t i t u t e  used t h i s  l i s t  f o r  s t u d i e s  of 
s o l a r - t e r r e s t r i a l  r e l a t i o n s h i p s  and showed t h a t  a s  compared t o  
sunspo t s  s e l e c t e d  active reg ions  y i e l d  s i g n i f i c a n t l y  clearer so la r -  
t e r res t r ia l  r e l a t i o n s h i p s .  The works of B . D .  Fomenko w e r e  t h e  
s t a r t i n g  p o i n t  of f u r t h e r  s t u d i e s  of t h i s  problem. 

One s p e c i f i c  p r o p e r t y  o f  the i n v e s t i g a t e d  q u a s i - s t a t i o n a r y  
streams c o n s i s t s  i n  t h a t  t hey  a re  approximately r a d i a l .  The 
a c t i v e  reg ions  can be d i v i d e d  accordingly i n t o  two groups.  The 
streams emanating f r o m  t h e  a c t i v e  reg ions  of  t h e  f i r s t  group 
(group I )  a r e  "d i rec ted ' "  s o  t o  speak ,  t o  t h e  Ea r th .  On t h e  o t h e r  
hand, streams emanating from t h e  a c t i v e  r eg ions  of t h e  second 
group (group 11) go p a s t  t h e  Earth and, t h e r e f o r e ,  do n o t  produce 
any geophys ica l  e v e n t s  of corpuscular  o r i g i n  (such as geomagnetic 
d i s t u r b a n c e s  e t c . , )  . Consequently, streams proceeding p a s t  t h e  
E a r t h  could  be used as a p e c u l i a r  "s tandard"  f o r  proving t h e  
r e a l i t y  of  so la r -a tmospher ic  r e l a t i o n s h i p s .  This  w a s  a c t u a l l y  done. 

The s t a t i s t i c a l  method o f  superimposed epochs played an 
impor t an t  role  i n  working o u t  the  problem of so la r -a tmospher ic  
r e l a t i o n s h i p s .  I t  al lowed u s  t o  a s c e r t a i n  t h e  e x i s t e n c e  of  a 
dependence between any given phenomenon and t h e  e f f e c t s  accompanying 
it. V Y T  i i a v t :  used fur such ai i n i i i a i  e v e n t  the t i m e  of t h e  passage 
of t h e  a c t i v e  r eg ion  through t h e  c e n t r a l  s o l a r  meridian.  

1.7- L ---^ 

The a p p l i c a t i o n  of t h e  method of  superimposed epochs t o  t h e  
q u a s i - s t a t i o n a r y  streams , flowing p a s t  t h e  E a r t h ,  shows t h a t  i n  
t h i s  case t h e r e  e x i s t s  no clear c u t  so la r -a tmospher ic  e f f e c t .  On 
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t h e  c o n t r a r y ,  i n  t h e  case of streams d i r e c t e d  toward t h e  E a r t h  
t h e  method of superimposed epochs y i e l d s  a very d e f i n i t e  e f f e c t ,  
A s  an example, w e  p r e s e n t  Fig.1,  (V.V. Kubyshkin and I . V .  Bone l i s ,  
Volgograd) .  This f i g u r e  a n a l y z e s  t h e  behavior  of  t h e  ground 
atmospheric  p r e s s u r e  (expressed i n  m i l l i b a r s  1 f o r  t h e  meteorolo- 
g i c a l  s t a t i o n s  of E u r a s i a  l oca t ed  on t h e  l o n g i t u d i n a l  range between 
t h e  Fa r  E a s t  of t h e  USSR a.nd England. T i m e  i n  days i s  p l o t t e d  on 
t h e  h o r i z o n t a l  ax is  of t h e  f i g u r e  (and of  a l l  t h e  fo l lowing  f i g u r e s )  
The t i m e  of t h e  a c t i v e  r e g i o 3  passage through t h e  c e n t r a l  meridian 
is taken  as t h e  zero t i m e  (0  1. T:, demonstrate t h e  r e a l i t y  of t h e  
found so lar -a tmospher ic  r e l a t i o n s h i p s ,  a l l  t h e  material  f o r  1907- 
1 9 5 2  was d iv ided  i n t o  va r ious  subgroups. W e  may see t h a t  t h e  
t r u l y  a c t i v e  reg ions  of  group I1 do n o t  produce any coherent  e f f e c t s ,  
wh i l e  t h e  a c t i v e  r eg ions  of  group I y i e l d  a r e l a t i v e l y  clear e f f e c t ,  
namely maximum p r e s s u r e s ,  occur r ing  on t h e  average ,  on t h e  s i x t h  
day. * A maximum of geomagnetic d i s t u r b a n c e  occurs  approximately a t  
t h e  same t i m e .  Analogous r e s u l t s  are a lso ob ta ined  a t  t h e  use of 
c o r p u s c u l a r  streams induced by chromospheric f l a r e s .  

I t  shou ld  be unde r l ined  t h a t  t h e  connect ion between t h e  be- 
h a v i o r  of a tmospheric  p r e s s u r e  and s o l a r  a c t i v i t y  r e s u l t i n g  from 
F i g . 1  (and o t h e r  s imi l a r  f i g u r e s  which are n o t  g iven  h e r e )  does 
n o t  s t e m  f r o m  any p r e s e n t l y  we l l  known geophys ica l  r e g u l a r i t i e s .  
I t  r e p r e s e n t s  t h a t  a b s o l u t e l y  s p e c i a l  a s p e c t  of solar- terrestr ia l  
phys ic s  which r e q u i r e s  t h e  m o s t  thorough s tudy .  

I n  i n v e s t i g a t i o n s  of t h i s  problem t h e  u t i l i z a t i o n  of pu re ly  
s o l a r  d a t a ,  namely d a t a  on active reg ions  and chromospheric f l a r e s  
i s  b e s e t  w i t h  a number of  u n c e r t a i n t i e s .  The main u n c e r t a i n t y  
c o n s i s t s  i n  t h a t  t h e  plasma v e l o c i t y  i n  va r ious  f l u x e s  i s  d i f -  
f e r e n t .  
t u r n  o u t  t o  be ''washed o u t "  s o  t h a t  it becomes imposs ib le  t o  
de t e rmine ,  f o r  i n s t a n c e ,  t h e  t i m e  of t h e  atmospheric  r e a c t i o n  t o  
t h e  a r r i v a l  t o  t h e  Ea r th  of a co rpuscu la r  stream. T h i s  i s  why 
i n  t h e  middle of 1 9 6 6 ,  it was decided t o  apply a much more a c c u r a t e  
i n d i c a t o r ,  p o i n t i n g  a t  t h e  e x a c t  t i m e  when t h e  co rpuscu la r  stream 
i n t r u d e s  i n t o  t h e  E a r t h ' s  magnetosphere. The geomagnetic d i s t u r -  
bances are such an i n d i c a t o r .  

A s  a conseuqence, t h e  determined s t a t i s t i c a l  dependences 

The t i m e  t m ,  corresponding t o  t h e  f i r s t  day of  geomagnetic 
d i s t u r b a n c e s ,  when t h e  l a t t e r  a l ready  became s t r o n g  enough, w a s  
t aken  f o r  t h e  i n i t i a l  t i m e .  Taking t h i s  i n t o  c o n s i d e r a t i o n ,  t h e  
au thos  compiled 4 l i s t s  of tm t i m e s  conta ing  about  830 moments 
Of t i m e  (days)  f o r  t h e  1890-1967 p e r i o d ,  q u i t e  independent  f r o m  

* C u r v e s  I 7  o f  F i g . 1  c o r r e s p o n d  t o  c a s e s  f o r  w h i c h  t h e  d i s t o r t i n g  
i n f l u e n c e  o f  a m u t u a l  s u p e r i m p o s i t i o n  o f  e f f e c t s  f r o m  n e i g h b o r i n g  
( c l o s e )  a c t i v e  r e g i o n s  i s  c o m p a r a t i v e l y  l o w .  
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V a r i a t i o n  i n  t h e  a t m o s p h e r i c  p r e s s u r e  
f o l l o w i n g  t h e  t i m e  ( t  = 0 )  of  p a s s a g e  
o f  a c t i v e  r e g i o n s  t h r o u g h  t h e  c e n t r a l  

m e r i d i a n  o f  t h e  S u n  ( 3 1  s t a t i o n s )  

one ano the r .  These l ists  have formed t h e  b a s i s  f o r  &he m a j o r i t y  
of  f u r t h e r  c a l c u l a t i o n s .  The main f e a t u r e  of t h e s e  l i s t s  i s  t h a t  
on ly  t h o s e  geomagnetic d i s tu rbances  t h a t  are r e l a t i v e l y  free from 
t h e  e f f e c t  of mutual super impos i t ion  have been s e l e c t e d  ( s e p a r a t e l y  
f o r  q u a s i - s t a t i o n a r y  streams and streams from f l a r e s ) .  

Before s tudy ing  t h e  f i r s t  r e s u l t s  of t h e  c a l c u l a t i o n s  which 
have been c a r r i e d  o u t ,  it is necessary t o  make t h e  fo l lowing  
p o i n t s .  F i r s t  of  a l l ,  t h e  atmospheric  p re s su re  along t h e  E a r t h ' s  
s u r f a c e  i s  extremely i r r egu la r  and i t s  v a r i a t i o n  wi th  t i m e  i s  
v i r t u a l l y  cont inuous.  Therefore ,  each new atmospheric  "d i s tu rbance"  
of  so l a r  o r i g i n  m e e t s  a t  d i f f e r e n t  p o i n t s  of t h e  Ea r th  d i f f e r e n t  
b a r i c  cond i t ions .  I n  t h e  s t a t i s t i c a l  curves of t h e  method of 
superimposed epochs t h i s  i s  man i fe s t  i n  t h e  form of s t a t i s t i c a l  
' 'noise" .  The h i g h e r  t h e  number of independent i n i t i a l  so la r  or  
geomagnetic d a t a ,  t h e  l o w e r  such a no i se .  

Secondly,  i t  w a s  found i n  e a r l i e r  i n v e s t i g a t i o n s  of solar-  
atmospheric r e l a t i ~ n s h i p s  (D .  Walker; Ye-Ya- Fedorov, V-Yu. V i s e )  
t h a t  t h o s e  p o i n t s  of t h e  Ear th  where f o r  a given season  cyclones 
predominate  over  a n t i c y c l o n e s  (dec reased  mean atmospheric  p r e s s u r e )  , 
t h e  s i g n  of so l a r  atmospheric  e f fec ts  i s ,  on t h e  average,  nega t ive .  
This  means t h a t ,  g e n e r a l 1  , t h e  i nvas ion  of co rpusc le s  r e s u l t s  i n  a 
d e c r e a s e  i n  p r e s s u r e ,  whi 41 e ,  on t h e  con t r a ry ,  p r e s s u r e  increases 
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F i g . 2 .  

V a r i a t i o n  i n  a t m o s p h e r i c  p r e s s u r e  f o l l o w i n g  t h e  
b e g i n n i n g  o f  s p o r a d i c  ( f l a r i n g )  d i s t u r b a n c e s  d u r i n g  
t h e  c o l d  h a l f  o f  t h e  y e a r  i n  t h e  c o n t i n e n t a l  r e g i o n  

(CR) o f  t h e  USSR 

where a n t i c y c l o n e s  p r e v a i l  over cyc lones .  This e s t a b l i s h e d  regu- 
l a r i t y  w a s  c a l l e d  t h e  "accen ta t ion"  l a w .  S t u d i e s  of  solar-atmos- 
p h e r i c  e f f e c t s  should  be c a r r i e d  o u t  t a k i n g  t h i s  l a w  i n t o  account.  

The r e s u l t s  of a p p l i c a t i o n  of t h e  method of superimposed 
epochs t o  t h e  behavior  of atmospheric p r e s s u r e  on t h e  l and  terri- 
tories of t h e  USSR f o r  t h e  co ld  seasons  are shown i n  Fig.2.  The 
i n v e s t i g a t e d  material  i s  d iv ided  both f o r  va r ious  p e r i o d s  of t i m e  
and for  va r ious  t e r r i t o r i a l  reg ions .  The upper dependence i s  p l o t -  
t e d  for  a l l  t h e  85 meteoro logica l  s t a t i o n s  i n v e s t i g a t e d .  I t  may 
be s e e n  t h a t  t h e  p r e s s u r e  h a s  i n  a l l  cases a c e r t a i n  m a x i m u m  a f t e r  
2.5 days  fo l lowing  t h e  t i m e  t, ( r e a c t i o n  t i m e ) .  A t  t h e  same t i m e  
"tile s t a t i s t i c a i  no i se"  t o  t h e  r i g h t  and t o  t h e  l e f t  of t h e  maxi- 
mum a c t u a l l y  dec reases  w i t h  t he  i n c r e a s e  i n  t h e  volume of t h e  in -  
v e s t i g a t e d  informat ion .  According t o  t h e  accen tua t ion  l a w ,  t h e  
p re sence  of  t h e  maximum on Fig.2 w a s  t o  be expec ted ,  because t h e  
i n v e s t i g a t e d  E a r t h ' s  t e r r i t o r y  i s  c h a r a c t e r i z e d  by a n t i c y c l o n i c  
c o n d i t i o n s  p r e c i s e l y  i n  t h e  cold t i m e  pe r iod .  



\ 

7 

C y c l o n i c  
c o n d i t i o n s  

A n t i  c y c l o n i c  
c o n d i t i o n s  

A t  
P , m b  
/GO4 

IOU 2 

. 1003 

I001 

lU04 

L e t  us now revert  
t o  p l a c e s  w i t h  c y c l o n i c  
cond i t ions .  As t h e  Soviet  
Union has almost no p o i n t s  
w i t h  s h a r p l y  expres sed  cy- 
c l o n i c  c o n d i t i o n s ,  w e  have 
used t h e  t e r r i t o r y  of North 
America t o  t h e  E a s t  and 
Nor theas t  of Lake Hudson 
where cyc lon ic  c o n d i t i o n s  
p l a y  an impor tan t  ro le  almost 
year-round. The curve of t h e  
method of  superimposed epochs 
p l o t t e d  f o r  t h i s  r eg ion  i s  
shown i n  t h e  upper p a r t  of 
Fig.3.  The middle curve  i s  
p l o t t e d  f o r  t h e  meteorologi-  
cal  s t a t i o n s  of the  terr i tory L i s t  B ( g e o m a g n e t i c )  
located t~ t k e  South of the 

F i g . 3 .  I l l u s t r a t i o n  of t h e  Beaufor t  Sea where  c y c l o n i c  
a c c e a t a t i o n "  l a w  w i t h  r e s p e c t  o f  cond i t ions  p r e v a i l  dur ing  the 

two  r e g i o n s  o f  N o r t h  A m e r i c a  u n d e r  cold season  of t he  y e a r .  The 

g a t e  effect  f o r  both  r eg ions .  
I t  may be seen  tha t  Fig.  3 
f u l l y  c o r r o b o r a t e s  t h e  "accen- 

I 1  

d i f f e r e n t  b a r i c  c o n d i t i o n s .  lower curve shows t h e  aggre- 

t a t i o n "  l a w  and i n d i c a t e s  an approximately i d e n t i c a l  t i m e  f o r  t h e  
a tmospher ic  r e a c t i o n  (of t h e  o rde r  of p l u s  t w o  d a y s ) .  

Modern meteorology d e n i e s  t h e  e x i s t e n c e  of s imultaneous effects 
i n  d i f f e r e n t  hemispheres.  W e  have used the  coastal a n t a r c t i c  s t a t i o n s  
f o r  which c y c l o n i c  cond i t ions  a r e  t h e  more character is t ic  t o  s tudy  
t h i s  problem wi th  r e s p e c t  t o  so la r -a tmospher ic  effect .  The curves  
of t h e  method of superimposed epochs p l o t t e d  f o r  t h e m  w e r e  compared 
w i t h  t h e  a v a i l a b l e  d a t a  on analogous c y c l o n i c  reg ions  i n  t h e  n o r t h e r n  
hemisphere.  The r e s u l t s  of t h e  r e s p e c t i v e  c a l c u l a t i o n s ,  which t a k e  
i n t o  c o n s i d e r a t i o n  t h e  informat ion  on chromospheric f l a r e s ,  are shown 
i n  Fig.4.  The middle curve w a s  p l o t t e d  f o r  14 a n t a r c t i c  s t a t i o n s ,  
t h e  lower curve for  t h e  French a n t a r c t i c  s t a t i o n  Dumont d'':wflle *. 

whi le  t h e  upper curve refers again t o  t h e  reg ion  E a s t  of Lake Hudson. 
I t  can be seen ,  t h a t  t h e  minimum of  p r e s s u r e  occur r ing  a t  t h e  a n t -  
a rc t ic  s t a t i o n s  co inc ides  i n  i t s  l o c a t i o n  wi th  an analogous minimum 
fo r  t h e  s t a t i o n s  o f  t h e  nor thern  hemisphere. Moreover, t h e  "accenta-  
t i o n "  l a w  is  confirmed. 

* . I -  

Besides t h e  aforementioned f i g u r e s !  a number of other examples 
demonst ra t ing  t h a t  t h e  "accen ta t ion"  l a w  should  a c t u a l l y  p l a y  a 
major ro l e  i n  the a n a l y s i s  of so la r -a tmospher ic  e f f e c t s  could  be 
p re sen ted .  However, h e r e  immediately arises t h e  q u e s t i o n  as t o  the  
i n t e r p r e t a t i o n  of t h i s  l a w .  I n  t h e  foregoing  w e  have g iven  i t s  
"classical"  formation according t o  which so lar -a tmospher ic  e f f e c t s  
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Fig.4. S i m u l t a n e i t y  of  s o l a r  a c t i v i t y  e f f e c t s  o n  t h e  
E a r t h ' s  a t m o s p h e r e  f o l l o w i n g  f l a r e s  i n  t h e  s o u t h e r n  & 

n o r t h e r n  h e m i s p h e r e s .  

t h a t  occu r  i n  r eg ions  of decreased p r e s s u r e  are usua l ly  accompa- 
n i e d  by an " a d d i t i o n a l "  drop i n  p r e s s u r e .  On t h e  c o n t r a r y ,  i n  
r e g i o n s  wi th  e l e v a t e d  p r e s s u r e ,  so la r -a tmospher ic  e f f e c t s  are 
accompanied by an " a d d i t i o n a l "  i n c r e a s e  i n  p r e s s u r e .  However, 
t h e s e  r e g u l a r i t i e s  are very d i f f i c u l t  t o  understand and,- i n  t h i s  
connec t ion ,  t h e  a u t h o r  has  i n v e s t i g a t e d  t h i s  problem from a c o m -  
p l e t e l y  o p p o s i t e  s t a n d p o i n t .  

I n  r e a l i t y  one should bear  i n  mind, t h a t ,  f o r  example, on 
a s y n o p t i c  c h a r t  cover ing  a l a r g e  number of y e a r s ,  a r eg ion  of 
dec reased  p r e s s u r e  i s  merely a r eg ion  i n  which  cyclones p r e v a i l  
ove r  a n t i c y c l o n e s  du r ing  a given season.  The oppos i t e  i s  t r u e  f o r  
r e g i o n s  w i t h  i n c r e a s e d  p res su re .  Therefore  t h e  fol lowing q u e s t i o n  
can be r a i s e d :  i s  t h e  "accen ta t ion"  l a w  n o t  simply t h e  r e s u l t  of 
t h e  f a c t  t h a t  i n  a given region of t h e  E a r t h ,  s a y ,  wi th  decreased  
p r e s s u r e  t h e  co rpuscu la r  streams themselves g e n e r a t e  more o f t e n  
cyc lones  and more seldom an t i cyc lones .  A t  t h e  p r e s e n t  t i m e ,  t h i s  
problem can be s t u d i e d  q u a n t i t a t i v e l y ,  s i n c e  w e  a r e  now aware of 
t h e  t i m e  of  a tmospheric  r e a c t i o n  t o  t h e  a r r i v a l  of a co rpuscu la r  
stream t o  t h e  E a r t h .  To t h i s  end, i n d i v i d u a l  cases of p r e s s u r e  
v a r i a t i o n s  fo l lowing  t h e  t i m e  should  be s e l e c t e d  and one should 
ana lyze  whether o r  n o t  fol lowing t h i s  moment, l o w  p r e s s u r e  a c t u a l l y  
p receds  by 2-3 days a decrease  i n  p r e s s u r e ,  whi le  h igh  p r e s s u r e  
precedes  by an e q u a l  pe r iod  the  i n c r e a s e  i n  p r e s s u r e .  Our ca lcu-  

t a t i o n "  l a w  and confirm thereby t h e  assumption t h a t  t h e  e n t r y  of 
t h e  E a r t h  i n t o  a co rpuscu la r  stream p l a y s  an e s s e n t i a l  ro le  i n  t h e  
e x i s t e n c e  of r eg ions  wi th  an i nc reased  o r  decreased  p r e s s u r e .  
The re fo re ,  co rpuscu la r  streams must g e n e r a l l y  p l a y  a very  impor tan t  
role i n  t h e  t r i g g e r i n g  of t h e  e s s e n t i a l  weather-forming phenomena, 

'I - L Z  --- coiiiradict ~e I t  C*dsslL;d* -1 - - - 2  --.I 11 interpptat lor1  of t-ie acceI-l- Id LIulla 
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i .e.  cyclones and ant icyclones.  However, it is  obvious t h a t  
these  conclusions r equ i r e  f u r t h e r  i n v e s t i g a t i o n s .  

Now l e t  us b r i e f l y  dwell  on some cons idera t ions  on t h e  
a c t i o n  mechanisms of s o l a r  corpuscular  streams on t h e  E a r t h ' s  
atmosphere. 

F i r s t  of a l l  one must understand how a " s o l a r "  d i s turbance ,  
having o r i g i n a l l y  appeared i n  t h e  magnetosphere, reaches t h e  
lowest atmospheric l a y e r s ,  namely t h e  troposphere.  T h i s  i s  an 
extremely complex problem, s i n c e ,  as a l ready  mentioned, w e  do n q t  
even know how a geomagnetic dis turbance occurs  and how t h e  charged 
s o l a r  corpuscles  are acce lera ted  i n  the magnetosphere. I n  p a r t i -  
c u l a r ,  v a r i a t i o n s  i n  p re s su re ,  dens i ty  and temperature occurr ing  
during geomagnetic dis turbances i n  t h e  magnetosphere a t  200-300 km 
l e v e l s  remain as y e t  unexplained. I t  should be mentioned t h a t  
t h e s e  i n v e s t i g a t i o n s  have been s t a r t e d  q u i t e  recent ly .  A t  t h e  
symposium of  t h e  I n t e r n ' t l  Meteorological Organizaton he ld  i n  Vienna 
i n  1966 ,  r e p o r t s  w e r e  presented bear ing  wi tness  t o  t h e  ex i s t ence  i n  
a number of cases of an i n t e r a c t i o n  between the upper (ionosphere) 
and t h e  l o w e r  ( s t r a t o s p h e r e )  layers  of t h e  E a r t h ' s  sheath.  However, 
t hese  are only prel iminary r e s u l t s .  

Problems concerning t h e  energy of solar-atmospheric e f f e c t s  
a r e  of e s s e n t i a l  importance. Here, cyclones and an t icyc lones  
which are the  m o s t  important  forms of la rge-sca le  atmospheric 
motions p r e s e n t  t h e  g r e a t e s t  in terest .  
o f  cyclones (and an t i cy lones )  has  n o t  y e t  been solved. However, 
t h e  ma jo r i ty  of t h e o r i e s  l i n k s  t h e  formation of cyclones t o  i n -  
s t a b i l i t y  phenomena i n  t h e  Ea r th ' s  atmosphere. For in s t ance ,  
according t o  t h e  wave theory of Norwegian i n v e s t i g a t o r s ,  waves of 
d i f f e r e n t  lengths  may develop under the in f luence  of some o u t s i d e  
causes  on l i t t l e - m o b i l e  f r o n t a l  planes of t h e  atmosphere. Some 
of t h e s e  waves a r e  unsteady and become atmospheric eddies .  Thus, 
t h e  cyclone se rves  as an example of t ransformation i n t o  k i n e t i c  
energy of t h e  p o t e n t i a l  energy previously accumulated i n  t h e  
atmosphere. I n  this connection, it is  poss ib l e  t o  assume t h a t  a 
corpuscular  stream in t rud ing  i n t o  t h e  magnetosphere, r ep resen t s  
one of t h e  f a c t o r s  cont r ibu t ing  t o  a r a p i d  development of i n s t a b i -  
l i t y  i n  atmospheric masses ( " t r igge r ing"  mechanism). The f a c t  t h a t  
s e v e r a l  cyclones are sometime found on t h e  main atmospheric f r o n t  
where cyclones usua l ly  occur ,  may speak i n  favor  of t h i s  assumption. 

The problem of t h e  o r i g i n  

Therefore ,  w e  must n o t  " requi re"  of corpuscular  streams an 
excess ive  energy. I n  any case,  w e  must e l i m i n a t e  immediately t h e  
assumption according t o  which an inc rease  i n  atmospheric pressure  
i s  e q u a l  t o  the  inc rease  of pressure f r o m  a corpuscular  stream. 
And it should indeed be borne i n  mind t h a t  upon a r r i v a l  of  a stream 
t o  Ear th  inc rease  of p re s su re  is observed a t  some po in t s  and de- 
crease a t  o t h e r  ones. Moreover, according t o  t h e  a v a i l a b l e  e v i -  
dence,  cyc lonic  phenomena are playing i n  t h e  i n v e s t i g a t e d  problem 
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a more impor tan t  role than the a n t i c y c l o n i c  phenomena, and i n  
I case of cyclones w e  are faced with p re s su re  decrease.  

What are t h e  conclusions t h a t  can be drawn f r o m  ou r  r e s u l t s ?  

1. The e f fec t  of so la r  a c t i v i t y  reaches t h e  E a r t h ' s  su r f ace .  
Therefore ,  t h e  E a r t h ' s  atmosphere i s  n o t ,  as i s  usua l ly  assumed, 
an insurmountable barr ier  f o r  solar  a c t i v i t y .  

2. Study of processes occurr ing ir, t h e  E a r t h ' s  atmosphere 
r e q u i r e s  t h e  i n t r o d u c t i o n  of new factors due t o  so l a r  a c t i v i t y .  

3.  The s tudy  of solar-atmospheric  effects may be used i n  
s o l v i n g  problems of s h o r t -  and long-term weather  f o r e c a s t i n g .  

4 .  Apparently,  solar a c t i v i t y  i s  an impor tan t  factor i n  
determing long-term climatic v a r i a t i o n s .  

5. I t  i s  p o s s i b l e  t h a t  the e l u c i d a t i o n  of t h e  a c t i o n  mechanism 
of co rpuscu la r  streams on t h e  Ea r th ' s  atmosphere w i l l  h e l p  us  t o  
s o l v e  problems of a r t i f i c i a l  measures in f luenc ing  t h e  climate and 
weather.  

* * * THE END * * * 
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